ABSTRACT These studies were done to characterize the cellular requirements for B-lymphocyte responses to the haptenated polysaccharide trinitrophenyl-conjugated Ficoll. By using an in vitro microculture system, it was demonstrated that hapten-specific anti-trinitrophenyl-conjugated Ficoll plaque-forming cell responses by B lymphocytes require Ia-bearing adherent accessory cells and Thy I' Lyt 1+2-nylon wool-nonadherent (T) lymphocytes. Such 
cytes. Such T cells could be primed in vivo with nonderivatized Ficoll to show carrier-specific helper cell function for derivatized Ficoll responses in vitro. The implications ofthese findings for our understanding of B-lymphocyte triggering by so-called T-independent antigens are discussed.
Our understanding ofthe mechanisms by which antigens trigger B lymphocytes to produce antibodies has been to a great extent shaped by the subdivision of these antigens into two classes: thymus dependent (TD) and thymus independent (TI). TD (1) . An accessory cell requirement for B-cell triggering by TI antigens has been shown, but the characterization ofthat cell is not complete and whether it indeed acts to present antigen has not been fully resolved (2, 3) .
The present experiments were done to characterize more precisely the nature of the T-lymphocyte and accessory cell requirements for developing PFC responses to TI antigens. The derivatized polysaccharide trinitrophenyl (Tnp)-Ficoll was used as a prototypic TI antigen. We first show that Ia-bearing adherent cells are required for triggering B-cell responses to TnpFicoll. We then demonstrate a T-cell requirement for in vitro PFC responses to Tnp-Ficoll and show that Ficoll-specific helper cells are present in splenic T-cell populations of appropriately primed mice.
MATERIALS AND METHODS
Mice. Female BALB/c mice were purchased from the Charles River Breeding Laboratories. They were maintained in our animal facilities and used when [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] weeks old.
Antigens. Poly(Glu'Ala'Tyr'0) (all L; Mr 30,000-50,000; Vega Biochemicals) was dissolved in saline/1% Na2CO3, and the solution was adjusted to pH 7.0. Ficoll 400 (Pharmacia) was dissolved in phosphate-buffered saline. Tnp-(Glu'Ala30Tyr10)n was prepared as described (4) . This conjugate contained 1 mol of Tnp per mol of (Glu60Ala30Tyr10)n. Tnp (4) . Antiserum. A xenogeneic monoclonal anti-Ia antibody, M5/ 114, with known reactivity for the H-2d haplotype (A. Bhattacharya, personal communication) was the gift ofTimothy Springer ofthis department. Adherent cells (2 x 107) were incubated with 1 ml ofhybridoma supernatant for 30 min at 4TC. Anti-Thy 1.2 treatments were performed with a twice-precipitated (NH4)2SO4 fraction of culture supernatant from the hybridoma HO 13.4 (Salk Institute) (5) . Three hundred micrograms ofprotein was incubated with 75 x 106 whole spleen cells for 30 min at 4°C. Anti-Lyt 1.2 treatments were performed with a monoclonal antibody (New England Nuclear); 50 x 106 nylon-nonadherent spleen cells were incubated in 0.5 ml of reagent diluted 1:100. Anti-Lyt 2.2 treatments were done with antibody containing ascitic fluid from the hybridoma clone ADH 4(15), the gift of Paul Gottlieb, University of Texas, Austin; 50 X 106 nylon-nonadherent spleen cells were incubated in 0.5 ml of fluid diluted 1:20. After incubation with antibody, the cells were washed once. Complement (C) treatments for these antisera were then carried out for 45 min at 37°C with 1.0 ml of LowTox-M rabbit complement (Cedarlane Laboratories, Homby, ON, Canada) diluted 1:5 in minimal essential medium. After C treatment, cells were washed three times before use in culture. (6) . Surface immunoglobulin-negative cells were prepared by passing spleen cells over antibody-coated polystyrene dishes as described (7) . Responding cells were cultured with Tnp-Ficoll (1 ng/ml). * Data are geometric mean ± SEM of parallel triplicate culture groups, each group a pool of two culture wells. determine whether T cells recognize the polysaccharide Ficoll as a carrier. We approached this question by examining the IgM PFC response of unprimed anti-Thy 1.2 and C-treated spleen cells to Tnp-Ficoll after reconstitution with Ficoll-primed T cells. As shown in Table 6 , Ficoll-primed T cells reconstitute an anti-Tnp-Ficoll PFC response of twice the magnitude seen when adjuvant-alone-primed T cells are used to reconstitute such a response. The response seen with Ficoll-primed T cells is somewhat lower than that seen after reconstitution with TnpFicoll-primed T cells.
RESULTS
That the enhancement of the IgM PFC response to Tnp-Ficoll with Ficoll-primed T cells is carrier specific is shown by the experiments in Table 7 . Nylon wool-passed splenocytes from 4-day Ficoll-primed mice enhanced the PFC response to TnpFicoll of anti-Thy 1.2 and C'-treated normal spleen cells when compared with the response reconstituted with adjuvant alone or with (Glu'Ala30Tyr10)n-primed T cells. Yet there was no difference in the PFC response to Tnp-(Glu6oAla3Tvyrl0)n reconstituted by either the adjuvant alone or Ficoll-primed T-cell populations when added to normal B cells. The PFC response In vitro PFC responses to hapten derivatives ofthe synthetic polysaccharide polymer Ficoll were described as "T independent" when Mosier et al. (9) showed that splenocytes from congenitally athymic mice, anti-Thy 1.2 and C-treated normal splenocytes, and splenocytes from adult thymectomized mice all develop IgM PFC responses to Ficoll derivatives in culture. Boswell et al. (2) , using an in vitro culture system similar to ours, have, in fact, recently reported that RAMB and C treatment of responding splenocytes does not abrogate and addition of purified T cells does not augment the in vitro IgM PFC response to Tnp-Ficoll. Yet, by treating responding splenocytes with a monoclonal anti-Thy 1.2 and C or with RAMB and C, we were able to markedly reduce the in vitro PFC response to this haptenated polysaccharide. Further, we were able to generate a PFC response to Tnp-Ficoll well above that seen in cultures of unfractionated spleen cells by adding back splenic T cells to the T-cell depleted cultures. These findings agree with the recent studies of Mond et al (1, 10) , which report similar T-cell requirements for in vitro PFC responses to Tnp-Ficoll, Tnp-polyacrylamide beads, and perhaps Tnp-Brucella abortus. That we have been able to-define a T-cell requirement for in vitro TnpFicoll PFC responses, where many previous workers were unable to do so, may well be due to the conditions under which these studies were performed: the cultures were carried out in wells of microtiter plates using a small number of responding cells and performing anti-Thy 1.2 and C treatment with a hightiter monoclonal antibody preparation.
Hapten-derivatized Ficoll has been classified as a type II TI antigen on the basis of its failure to elicit a response in mice that have the CBA/N X-linked defect and its inefficient stimulation of an immune response in neonatal mice (11) . T-cell regulation of another type II TI antigen, type III pneumococcal polysaccharide, has previously been reported (12, 13) . Immune responses to this antigen can be enhanced by prior treatment with antilymphocyte serum (12) , and a T-cell-mediated state of low dose tolerance to this antigen can be achieved (13) . Taken together with our demonstration that T cells can be primed to Ficoll, we may well raise the possibility that responses to at least TI type II antigens, when examined carefully, will be shown to The data in each experiment shown in Tables 6 and 7 were normalized, the means were determined, and P values were calculated by Student's t test. The PFC response reconstituted by 2 x 105 Ficoll/MP-primed T cells was greater than that reconstituted by an equal number of MP-aloneprimed T cells (P = 0.003). Responding cells were cultured with Tnp-Ficoll (1 ng/ml) or Tnp-(Glu60Ala30Tyr'0)n (100 ug/ml) as noted. ND, not determined. * Data are geometric mean ± SEM of parallel triplicate culture groups, each group a pool of two culture wells.
that Ia-bearing accessory cells are critical for in vitro PFC responses to Tnp-Ficoll but do not directly demonstrate antigen presentation by such cells. The similarity between the cellular requirements for in vitro PFC responses to Tnp-Ficoll and those for responses to usual TD antigens suggests that Ficoll presentation to T lymphocytes by accessory cells may well occur in an I-region-restricted interaction. We cannot, of course, preclude the possibility that accessory cell-B lymphocyte interactions occur in an I-region-restricted fashion as suggested by Boswell et al. (8) .
The data presented here suggest that a strict separation of antigens into TI and TD may not be possible. Perhaps more consistent with the accumulating data in this area is the concept that a continuum of antigens exists, extending from those that have a large T-cell requirement for B-cell triggering to those that have a very small requirement. Further work with the socalled TI antigens should clarify these issues.
